Introduction {#Sec1}
============

The Banach contraction principle \[[@CR1]\] is one of the most fundamental results in fixed point theory and has been utilized widely for proving the existence of solutions of different nonlinear functional equations. In the last few years, many efforts have been made to obtain fixed points in partially ordered sets. In 2004, Ran and Reurings \[[@CR2]\] generalized the Banach contraction principle to ordered metric spaces. Later on, in 2005, Nieto and Rodriguez \[[@CR3]\] used the same approach to further extend some more results of fixed point theory in partially ordered metric spaces and utilized them to study the existence of solutions of differential equations.

Note that the Banach contraction principle is no longer true for nonexpansive mappings, that is, a nonexpansive mapping need not admit a fixed point on a complete metric space. Also, Picard iteration need not converge for a nonexpansive map in a complete metric space. This led to the beginning of a new era of fixed point theory for nonexpansive mappings by using geometric properties. In 1965, Browder \[[@CR4]\], Göhde \[[@CR5]\], and Kirk \[[@CR6]\] gave three basic existence results for nonexpansive mappings. With a view to locating fixed points of nonexpansive mappings, Mann \[[@CR7]\] and Ishikawa \[[@CR8]\] introduced two basic iteration schemes.

Now, fixed point theory of monotone nonexpansive mappings is gaining much attention among the researchers. Recently, Bachar and Khamsi \[[@CR9]\], Abdullatif et al. \[[@CR10]\], and Song et al. \[[@CR11]\] proved some existence and convergence results for monotone nonexpansive mappings. Dehaish and Khamsi \[[@CR12]\] proved the weak convergence of the Mann iteration for a monotone nonexpansive mapping. In 2016, Song et al. \[[@CR11]\] considered the weak convergence of the Mann iteration scheme for a monotone nonexpansive mapping *T* under some mild different conditions in a Banach space.

The aim of this paper is to study the convergence behavior of the well-known Mann iteration \[[@CR7]\] in a $\documentclass[12pt]{minimal}
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                \begin{document}$\operatorname{CAT}(0)$\end{document}$ space for a monotone nonexpansive mapping. Further, we provide a numerical example and application related to solution of an integral equation. Our results generalize and improve several existing results in the literature.

Preliminaries {#Sec2}
=============

To make our paper self-contained, we recall some basic definitions and relevant results.
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                \begin{document}$\operatorname{CAT}(0)$\end{document}$ space if it is geodesically connected and if every geodesic triangle in *X* is at least as thin as its comparison triangle in the Euclidean plane. For further information about these spaces and the fundamental role they play in various branches of mathematics, we refer to Bridson and Haefliger \[[@CR13]\] and Burago et al. \[[@CR14]\]. Every convex subset of Euclidean space $\documentclass[12pt]{minimal}
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                \begin{document}$\operatorname{CAT}(0)$\end{document}$ spaces, we refer to \[[@CR15]--[@CR24]\]. The following few results are necessary for our subsequent discussion.

Lemma 2.1 {#FPar1}
---------

(\[[@CR21]\])
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                \begin{document} $$\begin{aligned} d(e, h)=zd(e, f) \quad \textit{and}\quad d(f, h)=(1-z)d(e, f). \end{aligned}$$ \end{document}$$
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                \begin{document}$(1-z)e\oplus z f$\end{document}$ for the unique point *h* of the lemma.
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Lemma 2.3 {#FPar3}
---------
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                \begin{document} $$\begin{aligned} A\bigl(\{u_{n}\}\bigr)=\bigl\{ u \in X: r(u, u_{n})=r\bigl( \{u_{n}\}\bigr)\bigr\} . \end{aligned}$$ \end{document}$$
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Definition 2.4 {#FPar4}
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Some Δ-convergence and strong convergence theorems {#Sec3}
==================================================

We begin with the following important lemma.
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The following lemma is an analogue of Theorem 3.7 of \[[@CR22]\].
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Proof {#FPar18}
-----
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Numerical example {#Sec4}
=================

In this section, we present a numerical example to illustrate the convergence behavior of our iteration scheme ([2.1](#Equ1){ref-type=""}).
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Now, we show the convergence of ([2.1](#Equ1){ref-type=""}) using two different sets of values.
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Application to integral equations {#Sec5}
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Theorem 5.1 {#FPar19}
-----------

*Under the above assumptions*, *the sequence generated by iteration scheme* ([2.1](#Equ1){ref-type=""}) *converges to a solution of integral equation* ([IE](#Equ3){ref-type=""}).
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